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Childhood Obesity Prevalence 
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objectives: To evaluate the association of the 2009 changes to the US Special Supplemental 
Nutrition Program for Women, Infants, and Children (WIC] food package and childhood 
obesity trends. We hypothesized that the food package change reduced obesity among 
children participating in WIC, a population that has been especially vulnerable to the 
childhood obesity epidemic. 

methods We used an interrupted time-series design with repeated cross-sectional 
measurements of state-specific obesity prevalence among WIC-participating 2- to 4-year-old 
children from 2000 to 2014. We used multilevel linear regression models to estimate the 
trend in obesity prevalence for states before the WIC package revision and to test whether the 
trend in obesity prevalence changed after the 2009 WIC package revision, adjusting for 
changes in demographics. In a secondary analysis, we adjusted for changes in macrosomia and 
high prepregnancy BMI. 

RESULTS: Before the 2009 WIC food package change, the prevalence of obesity across states 
among 2- to 4-year-old WIC participants was increasing by 0.23 percentage points annually 
(95% confidence interval: 0.17 to 0.29; P < .001]. After 2009, the trend was reversed (-0.34 
percentage points per year; 95% confidence interval: —0.42 to —0.25; P < .001]. Changes in 
sociodemographic and other obesity risk factors did not account for this change in the trend in 
obesity prevalence. 

conclusions: The 2009 WIC food package change may have helped to reverse the rapid increase 
in obesity prevalence among WIC participants observed before the food package change. 
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WHAT’S KNOWN ON THIS SUBJECT: Changes to the 
Special Supplemental Nutrition Program for Women, 
Infants and Children (WIC) in 2009 decreased intake of 
foods and beverages associated with excess weight 
gain. Surveillance data suggest obesity prevalence 
among WIC-participating children declined from 2010 
to 2014. 

WHAT THIS STUDY ADDS: We quantify the association 
of the WIC package change and childhood obesity 
using a quasi-experimental study design and 
accounting for state-level differences, race and/or 
ethnicity, poverty trends, and trends in macrosomia 
and high prepregnancy BMI among WIC participants. 
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The Special Supplemental Nutrition 
Program for Women, Infants, and 
Children (WIC] provides vouchers for 
nutrient-dense foods and beverages 
to more than half of all US infants and 
one-quarter of low-income pregnant 
and postpartum women and children 
<5 years of age. 1,2 To be eligible, 
households must have an income 
<185% of the federal poverty level 
or participate in several other federal 
aid programs and be at nutritional or 
medical risk. 3 In addition to being at 
risk for poor nutritional status, WIC- 
eligible children have also been 
particularly vulnerable to the 
childhood obesity epidemic. 4 

In 2009, the lists of foods that could 
be purchased with WIC vouchers 
(known as the WIC food packages], 
which includes basic food categories, 
including milk, cheese, beans, peanut 
butter, eggs, juice, cereal, and grains, 
were updated to better align with 
dietary guidelines. The new package 
provides extra cash allowances for 
fruits and vegetables, cuts the 
previous juice allowance in half, 
requires low-fat or skim milk for 2- to 
4-year-olds, reduces cheese, and 
requires whole-grain instead of 
refined-grain products (among other 
changes]. 2 Evidence suggests the 
revised WIC package has beneficially 
impacted household diets, including 
an increase in Healthy Eating Index 
scores, 5 reductions in juice purchases, 
and increases in the intake of fruit 
and whole grains. 6 A recent analysis 
of Nielsen Homescan Consumer Panel 
data found that WIC households' 
purchases of total calories declined 
by 11% after the package change, 
whereas purchases of fruits and 
vegetables increased. 7 

On the basis of these well- 
documented improvements in 
nutrition after the WIC package 
change, the risk of childhood obesity 
among WIC-participating children 
may also have declined. The Centers 
for Disease Control and Prevention 
(CDC] reported a decline in the 
prevalence of obesity and severe 


obesity among WIC-participating 
children from 2010 to 2014 but did 
not directly test whether the WIC 
package change was associated with 
a change in childhood obesity trends. 8 
Given the variation in childhood 
obesity rates by state, 9 evaluating 
longer-term trends in obesity 
prevalence and the potential 
differential impact of the WIC 
package change by state is critical. A 
focus on state-level trends is 
particularly important given the level 
of control that state WIC agencies 
have over program administration 1 ; 
states had discretion for 
implementing certain aspects of the 
revised food packages and may have 
differed in the extent to which 
healthier foods were made 
available. 10 In this article, we evaluate 
whether national and state-level 
trends in obesity prevalence among 
WIC-participating 2- to 4-year-old 
children changed after the 2009 WIC 
package revision, adjusting for 
sociodemographic composition and 
other risk factors for childhood 
obesity. 

METHODS 
Study Design 

This quasi-experimental study 
employed interrupted time-series 
analysis 11 by using repeated cross- 
sectional measurements of obesity 
prevalence among WIC-participating 
children at the state level to test the 
potential impact of the 2009 WIC 
package change on childhood obesity 
trends. In interrupted time-series 
analysis, regression models estimate 
trends in population measures of an 
outcome before a prespecified time 
when a policy change (or other 
intervention] occurs and then test 
whether the trend changes 
afterward. 11 In this study, we 
compared population trends in 
obesity prevalence among WIC- 
participating 2- to 4-year-olds before 
and after 2009 to estimate whether 
there were changes in obesity 


prevalence or changes in the trend in 
obesity prevalence that may be 
attributable to the package change. 12 
To reduce confounding from other 
concurrent trends, such as the Great 
Recession of 2007 to 2009, which 
occurred during a similar time period 
as the package change and which 
resulted in an increase in the use of 
federal food assistance and new 
populations using such assistance, we 
controlled for changes in racial-ethnic 
composition and child poverty at the 
state level. In an exploratory analysis 
including a subsample of states with 
complete data, we also examined 
whether changes in WIC-participating 
children's birth weight and maternal 
BMI were confounders. 

Measures and Data Sources 

Our primary outcome is obesity 
prevalence, calculated as the 
percentage of 2- to 4-year-old 
children enrolled in the WIC in 
a given state or territory with sex- 
specific BMI for age >95th percentile 
on the 2000 CDC growth charts. 13 We 
obtained the state-level prevalence of 
obesity among WIC-participating 2- 
to 4-year-olds in 2008, 2010, 2012, 
and 2014 from data.gov files 14 
derived from the WIC Participant and 
Program Characteristics (WIC-PC], 
a national census of participants in 
the WIC administered every 2 years 
by the US Department of Agriculture's 
Food and Nutrition Service. 15 In 
addition, we used prevalence 
estimates from Pan et al 13 for 2000, 
2004, 2010, and 2014. In 
a comparison of data for the 2 years 
of overlap (2010 and 2014], we find 
negligible differences between the 
data sets (Supplemental Information]. 
We excluded Hawaii from our main 
analyses given concerns about data 
quality. 8 Our data set includes data 
from 49 states in 6 years, or 294 
observations; these data were 
collected from all 2- to 4-year-olds for 
whom obesity prevalence was 
determined, a group that ranged in 
number from 2 253 471 children in 
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2000 to 3 152 137 children in 2012 in 
total across all 49 geographies. 

To account for changes in the racial- 
ethnic composition of the WIC 
population, we calculated the 
percentage of 2- to 4-year-old WIC 
participants classified as white, 
African American, Asian American 
and/or Pacific Islander, American 
Indian, or Hispanic for each state and 
year. The WIC-PC reports for 2008, 
2010, 2012, and 2014 included state- 
level race-ethnic breakdowns for 
children between the ages of 2 and 
4 years but not for 2000 and 2004. 
We obtained data on race and 
ethnicity for 2000 and 2004 from the 
WIC data 16 ’ 17 ; when comparing these 
with the WIC-PC report data 14 for the 
3 years of overlap (2008, 2010, and 
2012), we found high correlations 
between measures of racial and 
ethnic makeup (Supplemental 
Information). 

To account for possible shifts in child 
poverty, we assessed state-level child 
poverty rates with the Supplemental 
Poverty Measure (SPM) for children 
ages 0 to 17 years, 18 calculated by the 
Center on Poverty and Social Policy at 
Columbia University. 18 The SPM is 
a posttax measure of poverty used by 
the Census Bureau and the Bureau of 
Labor Statistics that accounts for in- 
kind transfers and other benefits as 
well as nondiscretionary expenses, 
such as medical or child care costs. 19 
The SPM is considered an 
improvement over the official poverty 
measure in its use of a poverty 
threshold updated for contemporary 
expenditure patterns 20 ; we use 
a measure anchored to 
nondiscretionary spending (for food, 
clothing, shelter, and utilities) from 
2008 to 2012 20 and adjusted for 
geographic differences in costs of 
living. 18 

For the exploratory analysis of 
whether changes in the 2- to 4-year- 
olds' history of macrosomia or 
maternal prepregnancy weight status 
could have played a role in changes in 


childhood obesity prevalence among 
WIC-participating children, we 
extracted the proportions of WIC 
participants with a birth weight 
>4000 g and of WIC-participating 
mothers with a prepregnancy BMI 
classified as obese (>29.1, the cutoff 
used by WIC agencies before Revision 
10 of the Nutrition Risk Criteria) 21 
from the WIC-PC reports. 14 ’ 16 ' 17 ’ 22-28 
To address the lag between the 
measurement of maternal 
prepregnancy BMI and obesity in our 
population of 2- to 4-year-old 
children, we include prepregnancy 
BMI with a 4-year lag. We note that 
only 41 states reported data on birth 
weight and prepregnancy BMI in at 
least 2 time points, and 45.1% of 
state-year observations are missing 
data for at least 1 of the 2 variables. 
We assessed the robustness of our 
results to the use of state-level birth 
weight data from the CDC Wonder 
Database natality public-use data, 29 
but these data cover all children in 
the United States (rather than just the 
WIC population), and we were unable 
to identify a comparable data source 
for prepregnancy BMI. Because of the 
high incidence of missing data, we 
consider these analyses secondary 
and exploratory. 

Statistical Analyses 

We fitted segmented linear regression 
models to state-level obesity 
prevalence data as a function of year 
(centered at 2009), an indicator for 
post-WIC-package change (ie, 1 if 
year >2009 and 0 if otherwise), and 
an interaction term of the indicator 
and the number of years since the 
change. The coefficient for year can 
be interpreted as the annual 
percentage-point change in obesity 
per year on average across states, 
whereas the coefficient for the 
indicator of years after 2009 
represents the average percentage- 
point drop in obesity for all years 
after 2009 (a level change), and the 
coefficient of the interaction of the 
indicator and the year represents the 
average annual percentage-point 
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change for each year after 2009 (a 
change in slope). 11 All models were 
fitted with state fixed effects to 
control for time-invariant differences 
in obesity prevalence between states 
as well as with state random effects. 
Hausman tests 30 fail to reject the null 
hypothesis of no difference in 
coefficient estimates from fixed- 
versus random-effect specifications; 
thus, we report results from the more 
efficient random-effect models. The 
full model specification can be found 
in the Supplemental Information. 

We first fit baseline models including 
just the year, level, and trend 
variables as well as the random 
effects. The level variable was not 
significant, suggesting there was no 
immediate drop in obesity prevalence 
after the year 2009; this variable was 
thus excluded from the models. We 
then fit models with controls for child 
poverty as well as racial-ethnic 
composition to assess whether 
changes in the demographics of WIC 
participants could explain changes 
in obesity level. Lastly, for our 
exploratory analysis of the potential 
impact of changes in trends in 
macrosomia and prepregnancy BMI 
on trends in childhood obesity 
prevalence in this population, we fit 
a model including the prevalence of 
macrosomia and high maternal 
prepregnancy BMI among those 
states with complete data for these 
variables. Because complete case 
analysis may produce biased 
results when data are not missing 
completely at random, we further 
used multiple imputation by chained 
equations to impute missing data. 31 
We imputed 20 data sets in which 
macrosomia and the percentage of 
mothers with high prepregnancy BMI 
were iteratively predicted with 
regression equations including all 
covariates used in our main analyses; 
the resultant model for this 
exploratory analysis was fit on each 
data set with results pooled to reflect 
the uncertainty in the predicted 
values. 32 


il 1, 2019 


3 


The main analyses were conducted in 
R 3.4.4. Fixed- and random-effects 
models were fitted with the plm 
package. 33 Sensitivity analyses and 
multiple imputation were conducted 
by using Stata 14 (Stata Corp, College 
Station, TX). Two-sided P values <.05 
were considered statistically 
significant. 


RESULTS 

Demographic characteristics of WIC 
participants from 2000 to 2014 are 
presented in Table 1. The average 
obesity prevalence among WIC- 
participating 2- to 4-year-old children 
across the states was 12.92% in 
2000, rose to an average of 15.13% in 

2008, stayed roughly the same in 
2010, and then decreased to 14.24% 
by 2014. Although the 
sociodemographic composition of the 
2- to 4-year-old WIC-participant 
population changed somewhat over 
this period, we did not identify 
statistically significant differences in 
the state-level mean racial makeup or 
percentage of children in poverty. The 
average percentage of 2- to 4-year-old 
WIC participants born with 
macrosomia declined from 2000 to 
2008 and then leveled off from 2008 
to 2014. Meanwhile, the percentage 
of WIC-participating women who had 
a prepregnancy BMI >29.1 increased 
steadily from 2000 to 2014. 

Results from the crude interrupted 
time-series analysis show that before 

2009, national obesity prevalence 
among 2- to 4-year-old WIC 
participants was increasing 0.26 
percentage points annually (95% 
confidence interval [Cl]: 0.22 to 0.31; 
P < .001; Table 2). After 2009, the 
trend was reduced by 0.55 
percentage points (95% Cl: —0.66 to 
-0.43; P < .001). Observations are 
correlated within states, with ~78% 
of the variance being attributable to 
variation between states. Predictions 
for each of the 49 states with 
complete data are presented in Fig 1. 
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TABLE 2 Multivariate Random-Effects Models Predicting the State-Level Obesity Prevalence (Percentage 


Points) Among 2- to 4-Year-Old WIC Participants, 2000-2014 




Model 1 

Model 2 

Intercept (95% Cl) 

15.55*** 

(14.93 to 16.17) 

16.01*** (15.30 to 16.71) 

Annual trend 9 , yrs (95% Cl) 

0.26**’ 

‘ (0.22 to 0.31) 

0.23*** (0.17 to 0.29) 

Change in annual trend after 2009 (95% Cl) 

-0.55*** 

(-0.66 to -0.43) 

-0.57*** (-0.69 to -0.44) 

Race and/or ethnicity, % b (95% Cl) 

American Indian 


— 

0.07 (-0.003 to 0.14) 

Asian American 


— 

0.19* (0.01 to 0.37) 

African American 


— 

0.03 (-0.00 to 0.06) 

Hispanic 


— 

0.03 (-0.001 to 0.05) 

Children in poverty (standardized) 0 , % 


— 

0.07 (-0.25 to 0.39) 

(95% Cl) 

ICC 


0.78 

0.75 

N 


294 

294 

N groups 


49 

49 


Results are reported for models with state random effects; Durbin-Wu-Hausman tests fail to reject the null hypothesis of 
no significant differences in consistency between models with fixed and random effects. —, not applicable. 
a The annual trend is calculated with the year centered in 2009. 

b Demographic makeup is presented as the number of children with race reported in each category as a percentage of 
(for 2000 and 2004) all 1- to 4-y-old children enrolled in the WIC or (for 2008-2014) all 2- to 4-y-old WIC participants as 
a percentage of all children for whom a race in the 5 categories was reported. We further subtract the population- 
weighted mean demographic makeup from each of these variables so the intercept in model 2 can be interpreted as the 
mean overall obesity prevalence in 2009 for a state with a demographic makeup comparable to the demographic makeup 
of our population across all observations (1.14% American Indian, 3.24% Asian American and/or Pacific Islander, 19.95% 
African American, 44.16% Hispanic, and 31.5% white) and a child poverty rate equal to the average across state-year 
observations (14.84). 

c Standardized rate for children ages 0 to 17 y calculated with the anchored SPM available from the Center on Poverty and 
Social Policy at Columbia University for all US states. 19 


* P < .05; *** P < .001 


After adjusting for changes in racial- 
ethnic composition and child 
poverty, the results were essentially 
unchanged. We estimated a pre-2009 
annual trend of a 0.23 percentage- 
point increase in childhood obesity 
prevalence (95% Cl: 0.17 to 0.29; 

P < .001) and a post-2009 change in 
slope of —0.57 percentage points 
annually (95% Cl: -0.69 to -0.44; 

P < .001). On the basis of these 
adjusted results, we estimated that 
after the package revisions in 2009, 
there was a decline in childhood 
obesity of 0.34 percentage points per 
year. The intraclass-correlation 
coefficient (ICC) was marginally 
reduced after controlling for 
sociodemographic variables (0.75), 
suggesting that between-state 
differences in sociodemographic 
makeup explained little of the 
between-state differences in obesity 
prevalence. 

Our exploratory analysis of the 
potential influence of changes in 
macrosomia and high maternal 


prepregnancy BMI on trends in 
childhood obesity prevalence 
suggests that, although controlling for 
macrosomia and prepregnancy BMI 
may have slightly attenuated the 
change in trend, these 2 factors have 
little contribution to the observed 
drop in childhood obesity prevalence 
after 2009 (Supplemental Tables 3 
and 4). 


DISCUSSION 

We found, using an interrupted time- 
series analysis, that the 2009 WIC 
package change was associated with 
a shift in the trend of childhood 
obesity prevalence among 2- to 4- 
year-old WIC participants from a 0.23 
-percentage-point annual increase to 
a 0.34 percentage-point annual 
decrease. Changes in the racial-ethnic 
and income composition of the WIC 
population did not explain this 
change in trend, nor did changes in 
maternal prepregnancy BMI or 
macrosomia prevalence. 


A change in the trend in obesity 
prevalence related to dietary 
changes resulting from the 2009 
package change is plausible. A 
substantial body of evidence has 
shown that the dietary habits of WIC 
participants improved from before to 
after the package change. 
Participating families purchased 
11% fewer total calories after the 
package change compared with 
before 7 and also improved overall 
diet quality in ways that may protect 
against obesity and facilitate 
healthier growth. Participants 
purchased and consumed less fruit 
juice, refined grains, grain-based 
desserts, and sugar-sweetened 
beverages while increasing 
purchases and consumption of fruits, 
vegetables, and whole grains. 5-7 ’ 34 
This dietary pattern has been 
associated with less weight gain in 
both children and adults. 35 ' 36 Small, 
beneficial reductions in total energy 
intake could result in small 
population-wide reductions in 
average BMI. 12,37 ’ 38 

Although overall our analysis 
revealed declining obesity 
prevalence after the package change, 
our results also suggest variation 
between states that was not 
explained by differences in racial- 
ethnic makeup or child poverty. 
Although the difference may be due 
to unmeasured heterogeneity in WIC 
populations across states, another 
possibility is that differences exist in 
how effectively the WIC package 
changes were implemented in each 
state. For example, recent research 
documents disparities across states 
in minimum stocking requirements 
for WIC-participating vendors. 10 
Future researchers should evaluate 
whether differences in fidelity to the 
WIC package changes or other 
implementation factors may have 
played a role in potential differences 
in childhood obesity prevalence 
trends across the states. 

Our analysis is subject to a number 
of limitations. We lack individual- 
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FIGURE 1 

Obesity prevalence and prediction by state. Black points indicate the measured obesity prevalence among children ages 2 to 4 years in each year; lines 
show the fit from model 1 in Table 2, with red indicating the predicted trend before 2009 and blue indicating the trend after 2009. 


level BMI data over time as well as 
data on how energy intake and 
expenditure may have changed, 
which would provide a mechanistic 
explanation of our findings. Perhaps 
most importantly, we are unable to 


control for the possibility that some 
other event between 2008 and 2010 
may be driving the results. The Great 
Recession, for example, may have led 
to changes in the WIC population 
such that families who had 


previously had higher incomes and 
lower obesity risk were newly 
enrolling. However, we included 
controls for socioeconomic and 
demographic variables to account for 
these changes. Furthermore, we 
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might expect to see changes driven 
by the Great Recession manifest 
most strongly in states that were 
more strongly affected, but Fig 1 
does not reveal evidence of 
heterogeneity in the change in trend 
between the most strongly affected 
states (FL, NV, AZ, and CA) and states 
considered more "recession proof," 
such as North Dakota, South Dakota, 
Kansas, or Oklahoma. 39 The Patient 
Protection and Affordable Care Act 
was another major policy change in 
2009, but existing evidence suggests 
no relationship between increased 
access to health insurance and 
obesity risk. 40,41 Although it has 
been suggested that the decline 
could be the result of other public 
health interventions, such as 
increased breastfeeding promotion 
in addition to that provided by WIC 
or obesity-prevention efforts in child 
care settings, 13 this is unlikely. First, 
carefully controlled studies suggest 
no causal link between breastfeeding 
and childhood obesity. 42-44 Second, 
although there are promising child 
care initiatives to prevent obesity, 45 
these were not widely disseminated 
in 2009 and thus could not logically 
have influenced obesity trends at 
that point. Similarly, although the 
Head Start program, which also 
reaches 2- to 4-year-olds in poverty, 
has been linked with potential 
reductions in obesity risk, 46 there 
was no substantial change in Head 
Start in 2009 that could explain such 


changes in obesity trends. The 
inclusion of a control group of 
non-WIC participants would 
improve our ability to control for 
non-WIC-related policies, societal 
trends, or interventions that could 
have been impacting obesity in this 
population at the same time, but we 
are unable to identify a control 
group similar in age and 
socioeconomic characteristics to our 
sample because such a high 
proportion of low-income children 
participate in the WIC. Although the 
NHANES can provide estimates for 
this age group overall, the sample 
sizes for this age group are small 
once children participating in the 
WIC are excluded. 47 Comparing 
existing NHANES data on trends in 
childhood obesity prevalence with 
the WIC trends does not suggest that 
the overall trends in childhood 
obesity prevalence exactly mirrored 
the WIC trends. Although obesity 
prevalence leveled off between 2011 
and 2014 for children ages 6 to 
11 years, most of whom would have 
been too old to be affected by the 
WIC package change, 48 changes in 
the prevalence of obesity for 2- to 5- 
year-olds were found to have 
declined from 2003 to 2004 and 
have had no clear trend since. As 
more years of data as well as data on 
state-level differences in program 
implementation become available, 
further research should continue to 
evaluate the effect by, for example, 


examining heterogeneity in the 
change in trend on the basis of 
differences in WIC package changes 
by state. 

CONCLUSIONS 

This analysis demonstrates that the 
2009 WIC package was associated 
with a reversal of the increasing trend 
in obesity prevalence among WIC 
participants observed from 2000 
to 2014. 

ACKNOWLEDGMENTS 

We thank Dr Heidi Blanck of the 
Obesity Prevention and Control 
Branch at the CDC for her comments. 


ABBREVIATIONS 

BMI: Body Mass Index 

CDC: Centers for Disease Control 
and Prevention 

Cl: confidence interval 

ICC: intraclass-correlation 
coefficient 

SPM: Supplemental Poverty 
Measure 

WIC: Special Supplemental 

Program for Women, Infants, 
and Children 

WIC-PC: Special Supplemental 
Nutrition Program for 
Women, Infants, and 
Children Participant and 
Program Characteristics 


PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275). 

Copyright © 2019 by the American Academy of Pediatrics 

FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose. 

FUNDING: Ms Daepp is supported by the National Science Foundation Graduate Research Fellowship (grant 1122374). Drs Gortmaker, Long, and Kenney were 
supported by The JPB Foundation. Dr Wang was supported by the National Institutes of Health (grant 1R01CA172814-01A1). Any opinions, findings, and conclusions 
or recommendations expressed in this material are those of the authors and do not necessarily reflect the views of the National Science Foundation. Funded by the 
National Institutes of Health (NIH). 

POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose. 


Downloaded from www.aappublications.org/news by guest on April 1, 2019 
PEDIATRICS Volume 143, number 5, May 2019 


7 




REFERENCES 


1. Oliveira V, Frazao E. The WIC Program: 
Background, Trends, and Economic 
Issues, 2015 Edition. Washington, DC: 
United States Department of 
Agriculture; 2015 

2. USDA Food and Nutrition Services. 
Special Supplemental Nutrition 
Program for Women, Infants and 
Children (WIC): Revisions in the WIC 
Food Packages. Alexandria, VA: USDA 
Food and Nutrition Services; 2009. 
Available at: https://www. 
federalregister.gov/documents/2009/ 
12/31/E9-30991/special-supplemental- 
nutrition-program-for-women-infants- 
and-children-wic-revisions-in-the-wic- 
food. Accessed February 15, 2019 

3. USDA Food and Nutrition Services. The 
Special Supplemental Nutrition 
Program for Women, Infants and 
Children (WIC program). Available at: 
https://fns-prod.azureedge.net/sites/ 
default/files/wic/wic-fact-sheet.pdf. 
Accessed April 15, 2018 

4. Rossen LM, Schoendorf KC. Measuring 
health disparities: trends in racial- 
ethnic and socioeconomic disparities in 
obesity among 2-to 18-year old youth in 
the United States, 2001-2010. Ann 
Epidemiol. 2012;22(10):698-704 

5. Tester JM, Leung CW, Crawford PB. 
Revised WIC food package and 
children’s diet quality. Pediatrics. 2016; 
137(5) :e20153557 

6. Schultz DJ, Byker Shanks C, Houghtaling 
B. The impact of the 2009 Special 
Supplemental Nutrition Program for 
Women, Infants, and Children food 
package revisions on participants: 

a systematic review. J Acad Nutr Diet. 
2015;115(11):1832-1846 

7. Ng SW, Hollingsworth BA, Busey EA, 
Wandell JL, Miles DR, Poti JM. Federal 
nutrition program revisions impact 
low-income households’ food 
purchases. Am J Prev Med. 2018;54(3): 
403-412 

8. Pan L, Park S, Slayton R, Goodman AB, 
Blanck HM. Trends in severe obesity 
among children aged 2 to 4 years 
enrolled in special supplemental 
nutrition program for women, infants, 
and children from 2000 to 2014. JAMA 
Pediatr. 2018;172(3):232-238 


9. Long MW, Ward ZJ, Resch SC, et al. 
State-level estimates of childhood 
obesity prevalence in the United States 
corrected for report bias. Int J Obes. 
2016;40(10) :1523—1528 

10. Pelletier JE, Schreiber LRN, Laska MN. 
Minimum stocking requirements for 
retailers in the Special Supplemental 
Nutrition Program for Women, Infants, 
and Children: disparities across US 
States. Am J Public Health. 2017;107(7): 
1171-1174 

11. Wagner AK, Soumerai SB, Zhang F, Ross- 
Degnan D. Segmented regression 
analysis of interrupted time series 
studies in medication use research. 

J Clin Pharm Ther. 2002;27(4):299-309 

12. Hall KD, Gortmaker S, Lott M, Yang YC. 
From calories to weight change in 
children and adults: the state of the 
science. Available at: http:// 
healthyeatingresearch.org/research/ 
from-calories-to-weight-change-in- 
children-and-adults-the-state-of-the- 
science/. Accessed February 15, 2019 

13. Pan L, Freedman DS, Sharma AJ, et al. 
Trends in obesity among participants 
aged 2-4 years in the Special 
Supplemental Nutrition Program for 
Women, Infants, and Children - United 
States, 2000-2014. MMWR Morb Mortal 
WklyRep. 2016;65(45) :1256-1260 

14. Centers for Disease Control and 
Prevention. Nutrition, Physical Activity, 
and Obesity - Women. Available at: 
https://catalog.data.gov/dataset/ 
nutrition-physical-activity-and-obesity- 
women-infant-and-child-dfe5d. Accessed 
February 13, 2019 

15. Connor P, Bartlett S, Mendelson M, 
Lawrence K, Wen K. WIC participant and 
program characteristics: 2010 report. 
2011. Available at: https://fns-prod. 
azureedge.net/sites/default/files/ 
WICPC2010.pdf 

16. Bartlett S, Olvera R, Gill N, Laramie M. 
WIC Participant and Program 
Characteristics 2000. Alexandria, VA: 
USDA Food and Nutrition Service; 2002 

17. Bartlett S, Bobronnikov E, Pacheco N. 
WIC Participant and Program 
Characteristics, 2004. Alexandria, VA: 
USDA Food and Nutrition Service; 2006 

18. Nolan L, Pac J, Wimer C, et al. Poverty in 
the 50 states: long-term trends and the 


role of social policies. 2016. Available 
at: https://www.povertycenter.columbia. 
edu/recent-publications/2016/9/20/ 
poverty-in-the-50-states-long-term- 
trends-in-the-and-the-role-of-social- 
policies. Accessed February 12, 2019 

19. Garner Tl. Supplemental Poverty 
Measure thresholds: laying the 
foundation. In: Allied Social Science 
Associations Annual Meetings-, 
December 29, 2010; Denver, CO 

20. Wimer C, Fox L, Garfinkel I, Kaushal N, 
Waldfogel J. Progress on poverty? New 
estimates of historical trends using an 
anchored supplemental poverty 
measure. Demography. 2016;53(4): 
1207-1218 

21. U.S. Department of Health and Human 
Services, Food and Nutrition Service. 
WIC policy memorandum 98-9, revision 
10: nutrition risk criteria. 2009 

22. Johnson B, Thorn B, McGill B, et al. WIC 
participant and program 
characteristics 2012 final report. 
Available at: https://fns-prod.azureedge. 
net/sites/default/files/WICPC2012.pdf. 
Accessed February 15, 2019 

23. Thorn B, Tadler C, Huret N, et al. WIC 
Participant and Program 
Characteristics 2014. Alexandria, VA: 
USDA Food and Nutrition Service; 2015 

24. Randall B, Bartlett S, Kennedy S. Study 
of WIC participant and program 
characteristics, 1996. Available at: 
https://fns-prod.azureedge.net/sites/ 
default/files/pc96fr.pdf. Accessed 
February 15, 2019 

25. Bartlett S, Brown-Lyons M, Moore D, 
Estacion A. WIC Participant and 
Program Characteristics 1998. 
Alexandria, VA: USDA Food and Nutrition 
Service; 2000 

26. Bartlett S, Olvera R, Bobronnikov E, 
et al. WIC Participant and Program 
Characteristics 2002. Alexandria, VA: 
USDA Food and Nutrition Service; 2003 

27. Bartlett S, Bobronnikov E, Mendelson M. 
WIC Participant and Program 
Characteristics 2006. Alexandria, VA: 
USDA Food and Nutrition Service; 2007 

28. Connor P, Bartlett S, Mendelson M, 
Condon K, Sutcliffe J. WIC Participant 
and Program Characteristics 2008. 


Downloaded from www.aappublications.org/news by guest on April 1, 2019 


DAEPP et al 


Alexandria, VA: USDA Food and Nutrition 
Service; 2010 

29. Centers for Disease Control and 
Prevention. Natality public-use data on 
CDC WONDER online database. Available 
at: https://wonder.cdc.gov/natality.html. 
Accessed February 15, 2019 

30. Flausman JA. Specification tests in 
econometrics. Econometrica. 1978; 

46(6) :1251 —1271 

31. White IR, Royston P, Wood AM. Multiple 
imputation using chained equations: 
issues and guidance for practice. Stat 
Med. 2011 ;30 (4) :377—399 

32. Cummings P. Missing data and multiple 
imputation. JAMA Pediatr. 2013;167(7): 
656-661 

33. Croissant Y, Millo G. Panel data 
econometrics in R: the pirn package. 

J Stat Softw. 2008;27 (2) :1 —43 

34. Andreyeva T, Luedicke J, Tripp AS, 
Flenderson KE. Effects of reduced juice 
allowances in food packages for the 
women, infants, and children program. 
Pediatrics. 2013;131 (5):919-927 

35. Dong D, Bilger M, van Dam RM, 
Finkelstein EA. Consumption of specific 
foods and beverages and excess weight 
gain among children and adolescents. 
Health Aff (Millwood). 2015;34(11): 
1940-1948 

36. Mozaffarian D, Hao T, Rimm EB, Willett 
WC, Flu FB. Changes in diet and lifestyle 
and long-term weight gain in women 


and men. N Engl J Med. 2011;364(25): 
2392-2404 

37. Flail KD, Butte NF, Swinburn BA, Chow 
CC. Dynamics of childhood growth and 
obesity: development and validation of 
a quantitative mathematical model. 
Lancet Diabetes Endocrinol. 2013;1 (2): 
97-105 

38. Gortmaker SL, Wang YC, Long MW, et al. 
Three interventions that reduce 
childhood obesity are projected to save 
more than they cost to implement. 
Health Aff (Millwood). 2015;34(11): 
1932-1939 

39. Hacker JS, Huber GA, Nichols A, Rehm P, 
Craig S. Economic insecurity across the 
American states. Available at: http:// 
economicsecurityindex.org/assets/ 
state_reports/ESI_cross_state.pdf. 
Accessed February 15, 2019 

40. Pernenkil V, Wyatt T, Akinyemiju T. 
Trends in smoking and obesity among 
US adults before, during, and after the 
Great Recession and Affordable Care 
Act roll-out. Prev Med. 2017;102:86-92 

41. Baicker K, Taubman SL, Allen HL, et al; 
Oregon Health Study Group. The Oregon 
experiment-effects of Medicaid on 
clinical outcomes. N Engl J Med. 2013; 
368 (18) :1713—1722 

42. Ip S, Chung M, Raman G, et al. 
Breastfeeding and maternal and infant 
health outcomes in developed 
countries. Evid Rep Techno! Assess (Full 
Rep). 2007; (153) :1 — 186 


43. Owen CG, Martin RM, Whincup PH, 
Davey-Smith G, Gillman MW, Cook DG. 
The effect of breastfeeding on mean 
body mass index throughout life: 

a quantitative review of published and 
unpublished observational evidence. 
Am J Clin Nutr. 2005;82 (6): 1298-1307 

44. Kramer MS, Matush L, Vanilovich I, et al; 
PROBIT Study Group. Effects of 
prolonged and exclusive breastfeeding 
on child height, weight, adiposity, and 
blood pressure at age 6.5 y: evidence 
from a large randomized trial. Am 

J Clin Nutr. 2007;86(6):1717-1721 

45. Alkon A, Crowley AA, Neelon SE, et al. 
Nutrition and physical activity 
randomized control trial in child care 
centers improves knowledge, policies, 
and children’s body mass index. BMC 
Public Health. 2014;14:215 

46. Lumeng JC, Kaciroti N, Sturza J, et al. 
Changes in body mass index associated 
with Head Start participation. 
Pediatrics. 2015;135(2):e449— 

e456 

47. Ogden CL, Carroll MD, Lawman HG, et al. 
Trends in obesity prevalence among 
children and adolescents in the United 
States, 1988-1994 through 2013-2014. 
JAMA. 2016;315(21) :2292-2299 

48. Ogden CL, Carroll MD. Prevalence of 
overweight, obesity, and extreme 
obesity among adults: United States, 
trends 1960-1962 through 2007-2008. 
NCHS Health E-Stat. 2010; 


Downloaded from www.aappublications.org/news by guest on April 1, 2019 
PEDIATRICS Volume 143, number 5, May 2019 


9 


WIC Food Package Changes: Trends in Childhood Obesity Prevalence 

Madeleine I.G. Daepp, Steven L. Gortmaker, Y. Claire Wang, Michael W. Long and 

Erica L. Kenney 

Pediatrics originally published online April 1, 2019; 


Updated Information & 

including high resolution figures, can be found at: 

Services 

http://pediatrics.aappublications.Org/content/early/2019/03/28/peds.2 

018-2841 

References 

This article cites 27 articles, 7 of which you can access for free at: 

http://pediatrics.aappublications.Org/content/early/2019/03/28/peds.2 

018-2841#BIBL 

Subspecialty Collections 

This article, along with others on similar topics, appears in the 
following collection(s): 

Obesity 

http ://w w w. aappublications. org/cgi/collection/obesity_ne w_sub 

Public Health 

http: //www. aappublications. org/cgi/collection/public_health_sub 

Permissions & Licensing 

Information about reproducing this article in parts (figures, tables) or 
in its entirety can be found online at: 

http ://www. aappublications. org/site/misc/Permissions .xhtml 

Reprints 

Information about ordering reprints can be found online: 
http ://www. aappublications .org/site/misc/reprints .xhtml 


American Academy of Pediatrics 

DEDICATED TO THE HEALTH OF ALL CHILDREN™ 



Downloaded from www.aappublications.org/news by guest on April 1, 2019 



PEDIATRICS 



WIC Food Package Changes: Trends in Childhood Obesity Prevalence 

Madeleine I.G. Daepp, Steven L. Gortmaker, Y. Claire Wang, Michael W. Long and 

Erica L. Kenney 

Pediatrics originally published online April 1, 2019; 


The online version of this article, along with updated information and services, is 

located on the World Wide Web at: 

http://pediatrics.aappublications.org/content/early/2019/03/28/peds.2018-2841 


Data Supplement at: 

http://pediatrics.aappublications.org/content/suppl/2019/03/28/peds.2018-2841.DCSupplemental 


Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it 
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by 
the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois, 
60007. Copyright © 2019 by the American Academy of Pediatrics. All rights reserved. Print 
ISSN: 1073-0397. 


American Academy of Pediatrics 


DEDICATED TO THE HEALTH OF ALL CHILDREN’ 



Downloaded from www.aappublications.org/news by guest on April 1, 2019 





HPV Vaccine Delivery Practices by 
Primary Care Physicians 
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background and objectives! To examine, among pediatricians and family physicians (FPs] [1] 
human papillomavirus (HPV] vaccine delivery practices, (2] delivery experiences, and (3] 
attitudes regarding new 2-dose HPV vaccination schedules. 

methods We surveyed nationally representative networks of pediatricians and FPs by Internet 
or mail from July 2018 to September 2018. Multivariable regression was used to assess 
factors associated with refusal or deferral rates of >50% among 11- to 12-year-old patients. 

results: The response rate was 65% (302 pediatricians and 228 FPs included]. Pediatricians 
who strongly recommended the HPV vaccine ranged from 99% for patients >15 years old 
(female] to 83% for those 11 to 12 years old (male]; FPs ranged from 90% for patients 
>15 years old (female] to 66% for those 11 to 12 years old (male] (P < .0001 between 
specialties]. Sixty-five percent of pediatricians and 42% of FPs always or almost always used 
presumptive style when discussing the HPV vaccine (P < .0001]. Overall, 40% used standing 
orders and 42% had electronic alerts. Among pediatricians, the proportion reporting a refusal 
or deferral rate >50% was 19% for female patients and 23% for male patients 11 to 12 years 
old; FPs reported 27% and 36%, respectively. In the multivariable regression (both sexes], 
refusal or deferral was associated with physicians not strongly recommending the HPV 
vaccine to 11- to 12-year-old patients, not using a presumptive style, perceiving less 
resistance when introducing the HPV vaccine to a 13-year-old patient versus an 11- or 12- 
year-old patient, and anticipating an uncomfortable conversation when recommending the 
HPV vaccine to an 11- or 12-year-old patient. Eighty-nine percent of pediatricians and 79% of 
FPs reported that more adolescents <15 years old are completing the HPV series now that 
only 2 doses are recommended. 

conclusions: Although most physicians strongly recommend the HPV vaccine to 11- to 12-year- 
old patients, our data reveal areas for improvement in recommendation and delivery methods. 
Most physicians perceive that the 2-dose schedule is resulting in higher HPV completion rates. 
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WHAT’S KNOWN ON THIS SUBJECT: Although diseases caused by human 
papillomavirus (HPV) are responsible for major morbidity and mortality in the 
United States, HPV vaccination rates remain low. Primary care physicians’ current 
HPV vaccine delivery practices and their experiences with HPV vaccine delivery are 
not well described. 

WHAT THIS STUDY ADDS: Although most physicians recommend the HPV vaccine 
for patients 11 to 12 years old, many are not using a presumptive style when 
introducing the HPV vaccine, standing orders, or electronic alerts for HPV delivery. 
Most perceive that the 2-dose schedule is resulting in higher HPV 
completion rates. 
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Disease caused by human 
papillomavirus (HPV] remains 
a major public health problem 
globally. 1-5 Nearly all cervical and 
anal cancers; 63% to 75% of vulvar, 
vaginal, and penile cancers; and 
~70% 6 of oropharyngeal cancers are 
attributable to HPV. 2 ’ 7-10 Annually in 
the United States, 33 700 new cancers 
are related to HPV, and 4175 women 
die of cervical cancer. 11 

Effective HPV vaccines have been 
routinely recommended at ages 11 to 
12 years by the Advisory Committee 
on Immunization Practices (ACIP] 
since 2006 for girls and since 2011 
for boys. 12 ’ 13 The recommendations 
targeting those 11 to 12 years old 
were based in part on facilitating 
implementation because other 
vaccines are recommended at this 
age. In addition, HPV vaccines are 
most effective when given before any 
HPV exposure, and vaccination at this 
age reaches most persons before 
initiation of sexual activity. 

HPV vaccines have demonstrated high 
efficacy in preventing cervical 
precancers, other genital cancers, 
oropharyngeal cancers, and genital 
warts. 14 Healthy People 2020 goals 
include coverage of 80% for all 
vaccines routinely recommended for 
US adolescents. 15 Although these 
goals have been met for other 
adolescent vaccines, in the 2017 
National Immunization Survey-Teen, 
HPV initiation among adolescents 13 
to 17 years old was 69% for girls and 
63% for boys, and series completion 
was only 53% for girls and 44% for 
boys. 16 Low HPV vaccination is 
related to a variety of barriers 
originating from health care 
providers and parents or 
patients. 17-26 Because of the crucial 
role of provider recommendation in 
parental decisions to vaccinate, 27-29 
a great deal of research 21,30-36 and 
intervention efforts 37-40 have been 
focused on improving provider 
communication regarding HPV 
vaccination. 


Until 2016, completion of the HPV 
series was defined as 3 doses over 6 
months. In late 2016, the ACIP 
recommended a 2-dose schedule for 
adolescents who initiate the HPV 
vaccination series at ages 9 through 
14 years. 23 In the 2-dose schedule, 
the first and second doses of the HPV 
vaccine should be administered at 
least 6 to 12 months apart. 23 Three 
doses remain recommended for 
persons who initiate the series at 
ages 15 through 26 years and for 
persons who are 

immunocompromised. In the context 
of continued suboptimal vaccination 
rates and recent changes to 
recommendations, our objectives 
were to examine the following among 
nationally representative panels of 
pediatricians and family physicians 
(FPs): (1) current delivery and 
communication practices regarding 
the HPV vaccine; [2] attitudes toward 
and experiences with HPV vaccine 
delivery; (3) rates of refusal or 
deferral of the HPV vaccine; (4) 
perceived barriers to delivery of the 
HPV vaccine; and (5) knowledge, 
practices, and attitudes regarding the 
2-dose HPV vaccination schedule. 

METHODS 

From July 2018 to September 2018, 
we administered surveys to national 
networks of physicians who had 
agreed to participate in surveys about 
vaccine policy issues. The Colorado 
Multi-institutional Review Board 
approved this study as exempt 
research. 

Study Setting and Population 

As part of the Vaccine Policy 
Collaborative Initiative, a rapid 
survey mechanism used to assess 
physician attitudes about vaccine 
issues, we surveyed members of 
networks of pediatricians and FPs 
recruited from the memberships of 
the American Academy of Pediatrics 
(AAP) and the American Academy of 
Family Physicians (AAFP). Physicians 
were eligible if they spent >50% of 


their time providing primary care. We 
performed quota sampling 24 to 
ensure networks were similar to the 
AAP and AAFP memberships with 
respect to region, urban versus rural 
location, and practice setting. In 
previous work, we demonstrated that 
survey responses from network 
physicians were similar to those of 
physicians randomly sampled from 
American Medical Association 
physician databases with respect to 
reported demographic characteristics, 
practice attributes, and attitudes 
about vaccination issues. 24 

Survey Design 

We used 4-point Likert scales to 
assess physicians' strength of 
recommendation of the HPV vaccine 
for patients in different age groups, 
physicians' frequency of using 
different vaccine discussion styles, 
physicians' perceived barriers to 
vaccination and extent of agreement 
with statements about the change 
from a 3-dose to a 2-dose schedule in 
younger teenagers, and physicians' 
experiences with HPV vaccine 
delivery. Physicians were classified as 
using a "presumptive" 41 (or 
"announcement"] 30 style if they 
reported almost always or always 
introducing the HPV vaccine by 
saying, "We've got 3 vaccines today: 
Tdap, HPV and meningococcal 
vaccines." Physicians were classified 
as using a "conversational" 30,41 (or 
"participatory"] 41 style if they 
reported almost always or always 
saying, "Are you interested in getting 
HPV vaccine for your child today?" 
National advisory panels of 6 AAP 
members and 6 AAFP members 
representing different states 
pretested the survey, and it was then 
pilot tested among 13 pediatricians 
and 10 FPs. 

Survey Administration 

The survey was administered July 
2018 to September 2018, through the 
Internet or US mail, depending on 
physician preference. We sent the 
Internet group an initial e-mail with 
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up to 8 e-mail reminders, and we sent 
the mail group an initial mailing and 
up to 2 additional mail reminders. 
Nonrespondents in the Internet 
group were also sent up to 2 mail 
surveys in case of problems with 
e-mail. We patterned the mail 
protocol on Dillman's Tailored Design 
Method. 42 

Statistical Analysis 

We pooled Internet and mail surveys 
for analyses because studies have 
revealed that physician attitudes are 
similar when obtained by different 
methods. 42-44 Physicians who did not 
deliver the HPV vaccine in their 
practice were excluded from analysis. 
We compared respondents with 
nonrespondents using t tests for 
continuous variables and Pearson's x 2 
tests for categorical variables. A 
multivariable analysis was conducted, 
with the outcome of reporting 
a >50% refusal or deferral of HPV 
vaccination rate among 11- to 12- 
year-old patients within each sex. We 
used a log-Poisson model with robust 
error estimation to calculate relative 
risks. Independent variables included 
physician and practice characteristics 
(specialty, number of providers in 
practice, proportion of adolescent 
patients, proportion of privately 
insured patients) and physician HPV 
vaccine recommendation style and 
delivery experiences. We used 
a cutoff of P < .25 for inclusion of 
variables into the model. We used 
a stepwise backward elimination 
procedure, in which the least 
significant predictor in the model was 
eliminated sequentially. At each step, 
estimates were checked to make sure 
other variables were not affected by 
dropping the least significant 
variable. This resulted in the 
retention of only those factors that 
were significant at P < .05 in the final 
model, with the exception of specialty, 
which we forced into the final model. 
All analyses were performed by using 
SAS version 9.4 (SAS Institute, Inc, 
Cary, NC). 


RESULTS 

The overall response rate was 65% 
(588 of 908); 70% (317 of 456) 
among pediatricians and 60% (271 of 
452) among FPs. Of respondents, 280 
(48%) responded via the Internet. 
Fifteen pediatricians and 43 FPs did 
not administer the HPV vaccine and 
were excluded. Reasons for not 
administering the HPV vaccine were 
not explored in this survey. In 
Table 1, we compare respondents and 
nonrespondents and show additional 
characteristics available only for 
respondents. Among FPs, 
respondents were significantly 
younger than nonrespondents and 
had more providers in their practices. 

Delivery and Communication 
Practices for the HPV Vaccine 

Within each specialty, a larger 
percentage of physicians made 
a strong recommendation for HPV 
vaccination for older adolescents 
compared with adolescents 11 to 
12 years old (Fig 1). For each age 
group, a larger percentage of 
pediatricians than FPs made a strong 
recommendation. Sixty-five percent of 
pediatricians and 42% of FPs 
reported almost always or always 
using a presumptive style, whereas 
16% of pediatricians and 24% of FPs 
almost always or always used 
a conversational style of introduction. 
Overall, 40% of physicians used 
standing orders for HPV vaccination, 
66% had a computer-based system 
that could report adolescents who 
needed an HPV vaccine, and 42% had 
an electronic alert in the medical 
record if a patient needed an HPV 
vaccine (no significant differences by 
specialty). 

Attitudes and Experiences With HPV 
Vaccine Delivery 

A majority in both specialties strongly 
agreed or somewhat agreed that it is 
important that adolescents be 
vaccinated before they engage in 
physical intimacy (including kissing), 
that they encounter more resistance 


to HPV vaccination compared to other 
adolescent vaccines because it is not 
required by schools in their state, and 
that they encounter less resistance 
from patients and parents to 
beginning the HPV vaccine series at 
age 13 years than at age 11 years 
(Fig 2). Approximately one-third of 
physicians in both specialties 
reported anticipating an 
uncomfortable conversation if they 
recommended vaccination for 
patients at age 11 to 12 years. 

Rates of Refusal or Deferral of the 
HPV Vaccine 

Physicians reported high rates of 
refusal or deferral among 11- to 12- 
year-old patients, with lower levels 
among older adolescents (Fig 3); FPs 
reported higher rates than 
pediatricians at all patient ages, and 
physicians in both specialties were 
significantly more likely to report 
refusal or deferral for their male 
patients than for their female 
patients. 

Factors significantly associated with 
physicians reporting a >50% refusal 
or deferral rate among 11- to 12- 
year-old patients included the 
following: not strongly 
recommending to 11- to 12-year-old 
patients, not almost always or always 
using a presumptive recommendation 
style, strongly agreeing that they 
encounter less resistance to HPV 
vaccination from patients age 
13 years versus patients age 11 years, 
and anticipating an uncomfortable 
discussion when recommending to 
11- to 12-year-old patients (Table 2). 
The multivariable results for both 
sexes were similar. 

Perceived Barriers to HPV Vaccine 
Delivery 

Perceived barriers to HPV vaccination 
that >20% of physicians in either 
specialty reported as major were the 
following: misinformation parents 
receive from the Internet or social 
media, parental concerns about the 
safety of the HPV vaccine, parents not 
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TABLE 1 Respondent and Nonrespondent Characteristics by Physician Specialty 


Characteristic 

Pediatricians 


FPs 


Respondents 
(n = 317) 

Nonrespondents 
(n = 139) 

Respondents 
(n = 271) 

Nonrespondents 
(n = 181) 

Mean (SD)/median age, y 

52 (10)/52 

51 (1D/50 

56 (8)/55* 

58 (8)/58* 

Mean (SD)/median No. 

10 (16)/6 

16 (55)/6 

12 (35)/6** 

7 (10)/5** 

providers 

Male sex, % 

36 

34 

59 

60 

Region, % 

Midwest 

21 

22 

31 

27 

Northeast 

23 

15 

16 

16 

South 

35 

44 

30 

36 

West 

21 

19 

24 

20 

Location of practice, % 

Rural 

1 

1 

7 

7 

Urban (not inner city) 

46 

44 

58 

55 

Urban (inner city) 

53 

56 

35 

38 

Setting, % 

Private practice 

80 

78 

70 

76 

University, hospital, 

16 

17 

21 

19 

public, or other 

HMO 

3 

4 

8 

6 

Decision-making 

Independent 

72 

65 

51 

60 

Larger system level 

28 

35 

49 

40 

Proportion of adolescents 
11-18 y old in practice, % 
0%-9% 

2 

N/A 

74 

N/A 

10%-19% 

11 

N/A 

21 

N/A 

20%—29% 

41 

N/A 

4 

N/A 

>30% 

46 

N/A 

2 

N/A 

Proportion of Hispanic 
patients in practice, % 
0%-9% 

40 

N/A 

65 

N/A 

10%—24% 

35 

N/A 

20 

N/A 

25%—49% 

15 

N/A 

9 

N/A 

>50% 

11 

N/A 

6 

N/A 

Proportion of African 
American patients in 
practice, % 

0%-9% 

44 

N/A 

72 

N/A 

10%—24% 

33 

N/A 

19 

N/A 

25%—49% 

18 

N/A 

6 

N/A 

>50% 

5 

N/A 

3 

N/A 

Proportion of patients with 
private insurance in 
practice, % 

0%—24% 

24 

N/A 

33 

N/A 

25%—49% 

22 

N/A 

21 

N/A 

50%—74% 

28 

N/A 

29 

N/A 

75%—100% 

25 

N/A 

26 

N/A 

Proportion of patients with 
Medicaid or CHIP in 
practice, % 

0%-9% 

24 

N/A 

41 

N/A 

10%—24% 

22 

N/A 

24 

N/A 

25%—49% 

28 

N/A 

19 

N/A 

>50% 

25 

N/A 

16 

N/A 


CHIP, Children’s Health Insurance Program; HMO, health maintenance organization; N/A, not applicable. 

* P < .05 for t test for difference within specialty for respondents versus nonrespondents. 

** P < .05 for Wilcoxon rank test for difference within specialty for respondents versus nonrespondents. 


thinking the HPV vaccine was 
necessary for their daughters or sons, 
and opposition to vaccination for 
moral or religious reasons (Fig 4). 

Knowledge, Practices, and Attitudes 
Regarding 2-Dose Schedules 

Physicians, especially FPs, frequently 
were incorrect or reported not 
knowing about the number of doses 
recommended in different scenarios 
or whether additional vaccination 
with 9 valent HPV should be offered 
to adolescents who were fully 
immunized previously with 2 valent 
HPV or 4 valent HPV (Fig 5). 
Regarding dosing intervals, among 
pediatricians, 74% reported routinely 
recommending the second HPV dose 
6 months after the first, and 25% 
reported routinely recommending it 
at 12 months; among FPs, 
corresponding percentages were 88% 
at 6 months and 12% at a 12 months 
(P < .0001). 

The vast majority of physicians 
strongly or somewhat agreed that the 
2-dose schedule is as efficacious as 
a 3-dose schedule for adolescents 
<15 years and that the new schedule 
facilitated completion and initiation 
of the series among adolescents in 
this age group, with pediatricians 
being more likely to strongly agree 
with all of these statements than FPs 
(Fig 6). However, more than half of 
FPs and close to one-third of 
pediatricians strongly or somewhat 
agreed that having different 
recommendations for adolescents 
>15 years old and younger 
adolescents created confusion among 
patients and parents or practice staff. 

DISCUSSION 

Despite the existence of highly 
effective and safe HPV vaccines, 
national vaccination coverage 
remains suboptimal. This is the first 
national survey of physician attitudes 
regarding the new ACIP 
recommendations for a 2-dose 
schedule in younger adolescents, and 
it offers a glimpse into physician 
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11- to 12-year-old patients 


13- to 14-year-old patients 


Patients 15 years and older 


Pediatrician 


FP 


Pediatrician 


FP 


Pediatrician 


FP 


■ Strongly recommend □ Recommend, but not strongly 

□ Make no recommendation □ Recommend against 


Female sex* 
Male sex* 

Female sex* 
Male sex* 

Female sex* 
Male sex* 

Female sex* 
Male sex* 


Female sex* 
Male sex* 

Female sex* 
Male sex* 


85 % 

83 % 


14 % 

16 %~ 


72 % 

66 % 


24 % 

28 % 


1 ~ 6 %~ 




0% 20% 40% 60% 80% 100% 


FIGURE 1 

Strength of physician recommendation for HPV vaccine by patient age and sex (pediatricians, n = 302; FPs, n = 228). All comparisons between male and 
female patients within each age group within specialty differ significantly at P < .05 (Fisher’s exact test). * P < .05 for comparison between FPs and 
pediatricians (Fisher’s exact test). 


practices with respect to current HPV 
vaccine recommendations and 
delivery practices. Our data reveal 
that a high proportion of physicians 
are recommending the HPV vaccine, 
although more are recommending it 
for older adolescents than for those 
11 to 12 years old. A lower 
proportion of FPs compared with 
pediatricians strongly recommend the 
HPV vaccine to patients of all ages 
evaluated. Slightly more than half of 
pediatricians and less than half of FPs 
reported using a presumptive 
recommendation style, and less than 
half of those in both specialties used 
standing orders or electronic alerts in 
HPV vaccine delivery. Physicians 
reported high rates of refusal, 
especially by 11- to 12-year-old 
patients, who are the target 
population for vaccination according 
to national guidelines. Physicians 
were more likely to report high 
refusal rates by 11- to 12-year-old 
patients if physicians did not use 
a presumptive style, if physicians did 
not strongly recommend vaccination 
to young adolescents, or if physicians 
anticipated less resistance to 
vaccination from patients older than 


11 or 12 years. Although physicians 
demonstrated some knowledge gaps 
about the 2-dose recommendations, 
the majority believed that the revised 
schedule was facilitating both 
initiation and completion of the HPV 
vaccine series among adolescents 
<15 years of age. 

A physician recommendation has 
been shown to be 1 of the most 
important factors in parental vaccine 
acceptance, 27-29 and the lack of 
a strong recommendation has been 
identified as an important barrier to 
HPV vaccination. 22 ’ 45-48 Our data 
reveal substantial increases in the 
strength of recommendation when 
compared with a survey conducted 
~5 years ago by using similar 
methodology. 49 Percentages of 
pediatricians strongly recommending 
the HPV vaccine have increased from 
60% in the 2013 survey to 85% in 
the 2018 survey for 11- to 12-year- 
old girls and from 52% to 83% for 
11- to 12-year-old boys. Smaller 
increases have occurred among FPs 
during the same period (from 59% to 
72% for 11- to 12-year-old girls and 
from 41% to 66% for 11- to 12-year- 


old boys), although the disparity in 
strength of recommendations 
between specialties persists. 49 
Although the overall percentage of 
physicians who strongly 
recommended the HPV vaccine for 
patients age 11 to 12 years was high 
in the current study, it was 13 to 15 
absolute percentage points lower 
than that for patients age 13 to 
14 years old in both specialties. 

Lower rates of strong 
recommendations for HPV 
vaccination among FPs have 
important implications given their 
prominent role in adolescent health 
care delivery. A recent national 
analysis revealed that the proportion 
of adolescents seen by FPs increases 
from 25% among 11-year-old male 
patients to 57% among 18-year-old 
male patients and from 31% among 
11-year-old female patients to 41% 
among 18-year-old female patients. 50 
The differences we observed by 
specialty are reflective of previous 
literature regarding childhood 51-56 
and adolescent 49 ’ 57-62 vaccines and 
highlight the fact that FPs need to 
remain a major focus of vaccine 
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It is important that 
adolescents be vaccinated 
before they engage in 
early physical intimacy, 
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I encounter more 
resistance to the HPV vaccine 
compared with other 
adolescent vaccines 
because it is not required 
for schools in my state.* 

I encounter less resistance 
from parents and patients to 
beginning the HPV series 
at age 13 years versus at 
age 11 years. 


I recommend the HPV vaccine 
more often for adolescents 
at higher risk for getting 
HPV.* 


When I think about 
recommending the HPV 
vaccine for 11- to 12-year-old 
patients, I anticipate having an 
uncomfortable 
conversation. 

I do not push hard for 
adolescents to be 
vaccinated with the HPV 
vaccine if they are not 
engaging in risky sexual 
behaviors.* 


Pediatrician 

FP 


■ Strongly agree □ Somewhat agree 

□ Somewhat disagree □ Strongly disagree 
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FIGURE 2 

Physician experiences with HPV vaccine discussions (pediatricians: n = 302; FPs: n = 228). * P < .05 for comparison between FPs and pediatricians (x 2 
test). Some percentage do not add up to 100% because of rounding. 


education and practice improvement 
strategies to improve HPV vaccine 
delivery. 

Reported rates of deferrals or refusals 
were high among our respondents, 
especially for patients ages 11 to 
12 years and among FPs and appear 
relatively stable from 5 years ago. 49 
Physicians, especially FPs, reported 
higher rates of deferral or refusal for 
their male patients compared with 


female patients in every age group. 
This may be related to the longer 
duration of recommendations for 
female patients or to a higher 
perceived benefit of the HPV vaccine 
for female patients. Physicians who 
perceive higher refusal or deferral 
rates among 11- to 12-year-old 
patients more frequently were those 
who (1) did not strongly recommend 
vaccination in this age group, (2) 
anticipated uncomfortable 


discussions with parents of 11- to 12- 
year-old patients, and (3) expected to 
encounter more resistance from 
parents of 11- to 12-year-old patients 
versus older adolescents. This finding 
is consistent with those of previous 
studies demonstrating that physicians 
are less likely to discuss the HPV 
vaccine with patients aged 11 to 
12 years if they believe parents are 
likely to defer. 49 ' 63 ' 64 However, other 
literature has revealed that 
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FIGURE 3 

Proportion of physicians reporting patients and/or parents refusal or deferral of the HPV vaccine, by patient age and sex (pediatricians: n = 302; FPs: 
n = 228). All comparisons between male and female patients within each age group within specialty differ significantly at P < .05 (\ 2 test). Some bars 
do not add up to 100% because of rounding. * P < .05 for comparison between FPs and pediatricians (x 2 test). 


physicians may considerably 
overestimate the amount of 
resistance to vaccination that they are 
likely to encounter. 65 Our data also 
reveal that physicians who report 
high levels of refusal or deferral are 
also less likely to use a presumptive 
recommendation style. To our 
knowledge, this has not previously 
been reported. The circular nature of 
provider anticipation of refusal or 
deferral potentially leading to 
a weaker recommendation style and 
less persistence in responding to 
parental hesitancy 66 could be 
creating a self-perpetuating cycle 
within a subgroup of physicians. 

Our data suggest that improvements 
are needed in how the HPV vaccine is 
being recommended. A 
presumptive 41 style of initiating HPV 
vaccine discussions uses words that 
convey an assumption of vaccination 
and does not discuss the HPV vaccine 
in a different manner than other 


adolescent vaccines, whereas, 
a conversational 30 style engages 
parents in an open-ended discussion 
about the HPV vaccine without 
linguistic presupposition of 
vaccination. A presumptive approach 
has been shown to be associated with 
higher HPV acceptance compared 
with a conversational approach in 
multiple studies. 30-33 Updated 
implementation guidance from the 
AAP includes the use of a strong 
pediatrician recommendation with 
wording consistent with 
a presumptive style, 39 and the AAFP 
Web site refers FPs to Centers for 
Disease Control and Prevention 
talking points that included 
recommendations for "same way" as 
for other adolescent vaccines and 
"same day" recommendations. Our 
data indicate that large percentages 
of physicians, including a majority of 
pediatricians, have adopted the 
presumptive communication style in 
initiating HPV vaccine discussion, but 


there are still substantial proportions 
who have not. In addition to 
improving physician communication 
styles, HPV vaccine delivery could 
also be optimized by increased use of 
evidence-based methods, including 
standing orders and alert systems in 
the medical record to remind 
providers of the need for vaccination 
at the point of care, both of which are 
recommended by the Community 
Preventive Services Task Force. 67 ’ 68 

Factors reported by physicians as 
important barriers to HPV 
vaccination (including perceived 
parental concerns about safety or 
effects of vaccination on sexual 
behavior and parents thinking that 
the HPV vaccine is not necessary or 
that there are too many vaccines at 1 
visit] are consistent with previously 
identified barriers. 22 However, the 
barrier most frequently reported by 
physicians in both specialties (the 
effect of misinformation parents 
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■ A major barrier □ Somewhat of a barrier 
□ A minor barrier □ Not at all a barrier 


Misinformation parents 
receive from the internet 
or social media* 

Parent concerns about 
the safety of the HPV 
vaccine* 

Parent concerns that their 
child will suffer long-term 
complications from the 
HPY yaccine* 

Parents not thinking that 
the vaccine is necessary 
for their sons 

Parents' opposition to 
vaccination for moral or 
religious reasons 

Parents not thinking that 
the vaccine is necessary 
for their daughters 

Parent concerns that 
vaccination may encourage 
their daughters to have 
earlier sexual behavior 

Parent concerns about 
giving too many vaccines 
in 1 visit 

Parent concerns that 
vaccination may 
encourage their daughters 
to have riskier sexual 
behavior 
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FIGURE 4 

Physicians perceived barriers to HPV vaccination (pediatricians: n = 302; FPs: n = 228). Some bars do not add up to 100% because of rounding. Barriers 
reported as major by <12% by both specialties include the following: parent concerns that vaccination may encourage their sons to have earlier sexual 
behavior, that vaccination may encourage their sons to have riskier sexual behavior, that the vaccine could cause infertility in their daughters and/or 
sons, or that their child will suffer immediate short-term effects from the HPV vaccine; parent concerns about the efficacy of the HPV vaccine and about 
waning immunity if the HPV vaccine is given too early; physician concern about giving too many vaccines in 1 visit (it will result in an uncomfortable 
conversation with the parent), about the safety of the HPV vaccine for female patients, and about the efficacy of the HPV vaccine for male and female 
patients; physician belief that HPV infection is not common enough in male and female patients to justify a vaccination, that Papanicolaou tests are an 
adequate way to prevent cervical cancer, and that HPV-associated diseases are not severe enough in male and female patients to justify a vaccination; 
parents wanting to wait to begin the HPV series until after menarche for girls; failure of some insurance companies to cover HPV vaccination; the up-front 
costs for a practice to purchase the vaccine; lack of adequate reimbursement for vaccination; and the time it will take a physician to discuss HPV 
vaccination with his or her patients and their parents. * P < .05 for comparison between FPs and pediatricians (x 2 test). 


receive from the Internet or social 
media) is one that has not been 
frequently highlighted. Although 
social media have been recognized as 
a significant source of vaccine-critical 


content, 69-72 its contribution to low 
HPV vaccination acceptance has not 
been well studied. A recent survey of 
1263 parents of US adolescents 
revealed that stories of HPV vaccine 


harms were more commonly found in 
social media than in traditional media 
or conversations and were associated 
with lack of initiation, delay, or 
refusal of HPV vaccination. 73 Along 
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TABLE 2 Characteristics of Physicians Reporting a 50% or Higher Refusal or Deferral Rate for HPV Vaccination Among Their 11- to 12-Year-Old Patients by 
Sex 



Female Patients {n = 482) 


Male Patients {n = 497) 



<50% Refusal 

or Deferral Rate 
(n = 376; 78%) 

>50% Refusal 

or Deferral Rate 
(n = 106; 22%) 

MV RR 

(95% Cl) 

<50% Refusal 

or Deferral Rate 
(n = 356; 72%) 

>50% Refusal 

or Deferral Rate 
(n= 141; 28%) 

MV RR 

(95% Cl) 

Physician and practice characteristics 

Practice specialty 

FP 

39% 

50% 

1.11 

38% 

54% 

1.30 

Pediatrician 

61% 

50% 

(0.81-1.52) 

Reference 

62% 

46% 

(0.99-1.69) 

Reference 

No. providers in practice, median (IQR) 

6 (4-11) 

5 (3-9) 

N/A 

6 (4-11) 

5 (3-10) 

N/A 

Proportion of adolescents 11-18 y old in practice, % 
0%-9% 

20 

31 

a 

21 

29 

a 

>10% 

80 

69 

N/A 

79 

71 

N/A 

Proportion of patients with private insurance in 
practice, % 

0%—24% 

26 

16 

a 

25 

22 

a 

>25% 

74 

84 

N/A 

75 

78 

N/A 

HPV recommendation style 

Strongly recommend to adolescents 11-12 y old 

Yes 

88% 

51% 

Reference 

86% 

52% 

Reference 

No 

12% 

49% 

2.14 

14% 

48% 

1.90 

Use of a presumptive recommendation style 
Frequently, occasionally, rarely, or never 

36% 

66% 

(1.50-3.04) 

1.61 

34% 

67% 

(1.43-2.53) 

1.74 

Almost always or always 

64% 

34% 

(1.11-2.32) 

Reference 

66% 

33% 

(1.27-2.38) 

Reference 

Delivery experiences and attitudes 

Perceive less resistance from parents and patients 
to beginning the HPV series at age 13 y versus at 
age 11 y 

Strongly agree 

20% 

54% 

2.33 

20% 

47% 

1.84 

Other 

80% 

46% 

(1.69-3.22) 

Reference 

80% 

53% 

(1.42-2.38) 

Reference 

Do not push hard for adolescents to be vaccinated with 
HPV vaccine if they are not engaging in risky sexual 
behaviors, % 

Strongly or somewhat agree 

8 

23 

a 

N/A 

8 

20 

a 

N/A 

Strongly or somewhat disagree 

92 

77 

N/A 

92 

80 

N/A 

Anticipate having an uncomfortable conversation when 
recommending HPV vaccine for adolescents 11-12 y 
old 

Strongly or somewhat agree 

30% 

51% 

1.62 

30% 

46% 

1.32 

Strongly or somewhat disagree 

70% 

49% 

(1.17-2.24) 

Reference 

70% 

54% 

(1.02-1.72) 

Reference 


Cl, confidence interval; IQR, interquartile range; MV, multivariable regression; RR, relative risk; N/A, not applicable. 
a Variables were not significant in the multivariable model and were therefore excluded from the final model. 


with these data, our findings highlight 
the importance of developing 
effective public health 
communication strategies to 
counter misinformation and highlight 
benefits of HPV vaccination via 
social media. 

Given the relative recency of 
recommendations for the 2-dose 
schedule for adolescents initiating 
HPV vaccination before age 15 years, 


it is not surprising that there were 
knowledge gaps for proportions of 
physicians about when a third dose is 
recommended, the acceptability of 
using different HPV vaccines to 
complete the series, and the need for 
an additional 9 valent HPV 
vaccination in those already fully 
vaccinated with either 2 valent HPV 
or 4 valent HPV. Physician knowledge 
should increase over time, as will, 


presumably, the ability of the 
electronic medical record or 
immunization registry-based systems 
to forecast the need for HPV 
vaccination. Interestingly, the 
majority of physicians in both 
specialties reported recommending 
the second dose of the 2-dose 
schedule at a 6-month interval 
rather than 12 months later at 
the next annual well-child visit, 
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100 % 


■ Correct □ Incorrect ED Do not know or not sure 


80% 



ACIP recommends that patients 
who are fully vaccinated with 
2vHPV or 4vHPV should 
receive 2 additional doses of 
9vHPV (false). 


67% 



Pediatrician FP 


69% 



Pediatrician FP 


Adolescents of any age previously 
vaccinated with 2 doses of 4vHPV 2 
months apart should receive a third 
dose of 9vHPV* (true). 


If adolescents began the HPV 
series with the 2vHPV or 4vHPV 
vaccines and need additional doses, 
they need to complete the entire 
9vHPV series* (false). 


FIGURE 5 

Physician knowledge regarding 2-dose HPV vaccine schedules (pediatricians: n = 302; FPs: n = 228). * P < .05 for comparison between FPs and 
pediatricians (x 2 test). 2vHPV, 2 valent HPV; 4vHPV, 4 valent HPV; 9vHPV, 9 valent HPV. 


although national guidelines allow 
for either. This may reflect an 
understanding of the importance 
of series completion as soon as 
possible. Importantly primary 
care physicians strongly endorsed 
the belief that the 2-dose 
schedule was facilitating both 
initiation and completion of the 
HPV series. 

There are important strengths and 
limitations to our data. We surveyed 
large, nationally representative 
samples of pediatricians and FPs and 
achieved high response rates. 
Responses of our sentinel physicians 
may not be fully generalizable, 
although previous work has 
revealed that the survey methods 
described yield similar responses to 
the most commonly employed 
method of sampling physicians 
nationally. 24 Nonrespondents might 
have different views than 
respondents, although our high 


response rates helps to mitigate 
against this source of bias. Most 
importantly, our data are based 
on self-report rather than 
direct observation and may not 
entirely reflect actual physician 
practice. 

This snapshot of HPV vaccine delivery 
in primary care demonstrates room 
for improvement in the way 
physicians are communicating about 
the HPV vaccine and in their delivery 
practices. Most important in this 
regard is the continued finding that 
physicians who experience or expect 
to experience high rates of deferral or 
refusal may be anticipating and 
accommodating refusals by altering 
their recommendation strength and 
style. Such accommodations by 
physicians may perpetuate a lack of 
acceptance of the HPV vaccine among 
parents. Greater physician awareness 
about the potential of overestimating 
the degree of parental resistance to 


HPV vaccination and about the 
effectiveness of a strong 
recommendation for the HPV vaccine, 
delivered in the same way as for 
other adolescent vaccines and on 
same day as other adolescent 
vaccines, may be key to increasing 
acceptance among parents of 11- to 
12-year-old patients. Increased use of 
available communication training 
materials and applications as well as 
further development of evidence- 
based messages for parents may 
be helpful in improving the way 
HPV vaccination is introduced. 74-78 
Our data are encouraging in 
revealing substantial increases 
over the past 5 years in the 
percentage of physicians who 
report strongly recommending the 
HPV vaccine to 11- to 12-year-old 
patients. The findings also reveal 
that according to primary care 
physicians, the 2-dose schedule 
could result in meaningful 
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I believe the 2-dose schedule is as 
efficacious as a 3-dose schedule for 
adolescents <15 years.* 

The 2-dose schedule facilitates 
completion because the doses can be 
given 1 year apart at regular health 
maintenance visits. 3 

More of the adolescents <15 years in 
our practice are completing the HPV 
series now that only 2 doses are 
required.* 

The need for only 2 vs 3 doses 
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receptive to beginning the HPV series. 
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I am concerned that the 2-dose 
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duration of protection as the 3-dose 
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Our practice staff has made mistakes 
in the number of doses delivered 
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schedules for different-aged 
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FIGURE 6 

Primary care physicians’ attitudes regarding the 2-dose HPV vaccine (pediatricians: n = 302; FPs: n = 228). Some bars do not add up to 100% because of 
rounding. a Fisher’s exact test* P < .05 for comparison between FPs and pediatricians (x 2 test). 9vHPV, 9 valent HPV. 


increases in HPV vaccination 
initiation and completion among 
adolescents, leading to 
greater protection against HPV- 
associated cancers in the United 
States. 
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objectives: To determine the association between parenteral antibiotic duration and outcomes 
in infants <60 days old with bacteremic urinary tract infection (UTI). 

methods This multicenter retrospective cohort study included infants <60 days old who had 
concomitant growth of a pathogen in blood and urine cultures at 11 children's hospitals 
between 2011 and 2016. Short-course parenteral antibiotic duration was defined as <7 days, 
and long-course parenteral antibiotic duration was defined as >7 days. Propensity scores, 
calculated using patient characteristics, were used to determine the likelihood of receiving 
long-course parenteral antibiotics. We conducted inverse probability weighting to achieve 
covariate balance and applied marginal structural models to the weighted population to 
examine the association between parenteral antibiotic duration and outcomes (30-day UTI 
recurrence, 30-day all-cause reutilization, and length of stay]. 

RESULTS: Among 115 infants with bacteremic UTI, 58 (50%) infants received short-course 
parenteral antibiotics. Infants who received long-course parenteral antibiotics were more 
likely to be ill appearing and have growth of a non -Escherichia coli organism. There was no 
difference in adjusted 30-day UTI recurrence between the long- and short-course groups 
(adjusted risk difference: 3%; 95% confidence interval: —5.8 to 12.7) or 30-day all-cause 
reutilization (risk difference: 3%; 95% confidence interval: —14.5 to 20.6). 

conclusions: Young infants with bacteremic UTI who received <7 days of parenteral antibiotics 
did not have more frequent recurrent UTIs or hospital reutilization compared with infants 
who received long-course therapy. Short-course parenteral therapy with early conversion to 
oral antibiotics may be considered in this population. 
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WHAT’S KNOWN ON THIS SUBJECT: Infants <60 days old with 
bacteremic urinary tract infection often receive prolonged courses of 
parenteral antibiotics. The safety of short-course parenteral antibiotic 
therapy has not been established in this population. 

WHAT THIS STUDY ADDS: In this multicenter study of infants <60 days 
old with bacteremic urinary tract infection, infants receiving <7 days 
of parenteral antibiotics did not experience more frequent UTI 
recurrence or hospital reutilization compared with infants receiving 
>7 days of parenteral therapy. 
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Urinary tract infection (UTI) is 1 of 
the most common bacterial infections 
in infants <60 days of age. 1-3 
Approximately 8% to 10% of young 
infants with UTI have concomitant 
bacteremia. 2 ’ 4 ’ 5 However, no 
evidence-based guidelines exist to 
direct management in this population, 
particularly regarding optimal 
parenteral (ie, intravenous and/or 
intramuscular [IV/IM]) antibiotic 
duration. 

Although several studies have 
supported the safety of short-course 
parenteral antibiotic therapy with 
early conversion to oral antibiotics in 
young infants with uncomplicated 
UTI, 6-8 the safety of short-course 
parenteral antibiotic therapy in young 
infants with bacteremic UTI has not 
been established. As a result, infants 
with bacteremic UTI often receive 
prolonged courses of parenteral 
antibiotics, which can lead to long 
hospitalizations and increased costs. 
Furthermore, the peripherally 
inserted central catheters (PICCs) 
often required to deliver prolonged 
parenteral antibiotic therapy expose 
infants to added risks, including 
catheter-associated bloodstream 
infections as well as mechanical and 
thrombotic central-line 
complications. 9 ' 10 The benefit of 
prolonged parenteral antibiotic 
therapy is unclear in this 
population. 6,8,11 

Our objective for this study was to 
examine the association between 
parenteral antibiotic duration and 
clinical outcomes in infants <60 days 
old with bacteremic UTI. 

METHODS 
Study Design 

This study was nested within 
a multicenter retrospective cohort 
study 12 ' 13 of young infants evaluated 
for invasive bacterial infections in the 
emergency departments (EDs) of 11 
geographically diverse children's 
hospitals (Supplemental Table 3). The 


study was approved by each site's 
institutional review board with 
a waiver of informed consent and 
permission for data sharing. 


Study Population 

Infants <60 days old who presented 
to the EDs of the 11 participating 
hospitals between July 1, 2011, and 
June 30, 2016, were included in the 
parent study if they had a bacterial 
pathogen isolated in blood or 
cerebrospinal fluid (CSF) culture. 
Pathogenic bacteria were determined 
a priori via literature review and 
expert consensus (Supplemental 
Table 4). 12,13 For this substudy, we 
included infants from the parent 
study who were diagnosed with a UTI 
and had detection of the same 
bacterial pathogen in both blood and 
urine cultures (Fig 1]. UTI was 
defined as growth of >50 000 colony¬ 
forming units (CFUs)/mL of 
a pathogen in urine culture or growth 
of >10 000 CFUs/mL of a pathogen in 
urine culture plus an abnormal 
urinalysis (defined as presence of 
leukocyte esterase, nitrites, or >5 
white blood cells per high-power field 
on urine microscopy). 4 ' 14 ' 15 We 
excluded infants who had a bag or 
unknown collection method for urine 
culture if pathogen growth was 
<100 000 CFUs/mL or if multiple 
organisms were isolated because 
these organisms could represent 
contaminants. 16 ' 17 Infants who had 
concomitant bacterial meningitis, 
infants with CSF pleocytosis who 
received antibiotic pretreatment, and 
infants with examination and 
laboratory findings consistent with 
focal infections, such as septic 
arthritis, were also excluded from our 
cohort because these infants would 
likely be prescribed prolonged 
courses of parenteral antibiotics for 
treatment of other invasive infections. 
Finally, we excluded infants who died 
and those who were transferred out 
from the participating institution 
before completion of parenteral 
antibiotic therapy because we could 


not report total duration of IV/IM 
antibiotic therapy in these patients. 

Data Sources 

Each site's electronic medical record 
system or microbiology laboratory 
was queried to identify all infants 
who had a positive blood or CSF 
culture result collected in the ED 
during the study period. A medical 
record review was then conducted to 
confirm eligibility. Information on 
patient demographics, clinical 
variables (eg, presence of fever and 
physical examination findings), 
laboratory data, parenteral antibiotic 
duration, adverse events, and 30-day 
ED revisit or readmission were also 
obtained via detailed medical record 
review. 

Exposure 

The exposure of interest was duration 
of parenteral antibiotic therapy. 
Patients were divided into short- 
course and long-course exposure 
groups. Given that we found 
a somewhat bimodal distribution of 
parenteral antibiotic duration with 
a median duration of 7 days (Supple 
mental Fig 2), we defined short 
course as receipt of parenteral 
antibiotics for <7 days and long 
course as receipt of parenteral 
antibiotics for >7 days. 

Outcomes 

The primary outcome was recurrence 
of UTI that resulted in an ED revisit or 
hospitalization within 30 days of 
discharge from the index hospital 
admission. For infants who had 
recurrent UTI, we conducted 
additional medical record review to 
obtain information on timing of 
recurrence, causative organism at 
recurrence, presence of bacteremia or 
meningitis at recurrence, diagnosis of 
vesicoureteral reflux (VUR), and use 
of prophylactic antibiotics before 
recurrence. Secondary outcomes 
included hospital length of stay (LOS), 
30-day all-cause reutilization (defined 
as hospital readmission or ED revisit 
within 30 days of index discharge), 
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Infants <60 days of age with invasive 
bacterial infections 
N -=497 

No bacteremia 
n = 90 


Infants with bacteremia 
n = 417 


No UTI a 
n = 211 


Infants with bacteremia and UTI 

n = 140 






Different organisms in blood 
and urine cultures 

n = 9 

r 


Infants with bacteremic UTI 

71 = 131 




Bacteremic UTI cohort 

rc = 115 


72 = 58 


72 = 57 

Infants who received 


Infants who received 

<7 days of IV/IM 


>7 days of IV/IM 

antibiotics 


antibiotics 


Excluded: n = 16 

Meningitis: n = 6 
CSF pleocytosis with 
pretreatment: n = 4 
Bag urine specimen b : n = 3 
Septic arthritis: n = 1 
Death: n = 1 

Transferred before antibiotic 
completion: n = 1 


FIGURE 1 

Flowchart of the study population. a UTI definition: positive urine culture result with >50 000 CFUs/ 
mL or >10 000 CFUs/mL with an abnormal urinalysis (leukocyte esterase-positive or nitrite-positive 
or >5 WBCs). b Patients who had a bag or unknown method of urine culture collection were 
excluded if the culture grew <100 000 CFUs/mL or if >1 organism was isolated. WBC, white 
blood cell. 


and adverse events within 30 days of 
discharge (ie, readmission to an ICU, 
need for mechanical ventilation or 
vasopressor use, or neurologic 
sequelae). 

Covariates 

Covariates of interest included 
patient age, sex, prematurity (defined 
as gestational age <37 weeks), 
complex chronic condition, 18 known 
genitourinary anomaly, presence of 
fever (ie, a reported temperature 
>38.0°C (100.4°F) at home, in an 


outpatient clinic, or documented in 
the ED and obtained via any method), 
ill appearance, ICU stay during the 
index admission, causative pathogen, 
and prolonged bacteremia. Ill 
appearance was defined as any of the 
following physical examination terms 
documented on arrival to the ED: "ill 
appearing," "toxic," "limp," 
"unresponsive," "gray," "cyanotic," 
"apnea," "weak cry" "poorly perfused," 
"grunting," "listless," "lethargic," or 
"irritable." 19 If none of these terms 
were documented, the infant was 


classified as not ill appearing. In cases 
of contradicting documentation of ill 
appearance between attending 
physician and trainee, the attending 
physician's documentation was used. 
Prolonged bacteremia was defined as 
isolation of the initial pathogen on 
a repeat blood culture drawn at least 
24 hours after the initial culture. 20 

Statistical Analysis 

Categorical variables were described 
by using frequencies and percentages. 
To adjust for potential confounding 
by indication for duration of 
parenteral antibiotic therapy, we 
generated a propensity score for each 
patient to estimate the conditional 
probability of receiving long-course 
parenteral antibiotic therapy. 21 ' 22 
Propensity scores were calculated by 
using a multivariable logistic 
regression model that consisted of 
baseline demographic characteristics 
(ie, age and sex), past medical history 
(ie, prematurity, presence of chronic 
complex condition, and known 
genitourinary anomaly), and clinical 
characteristics at presentation (ie, 
fever, ill appearance, ICU stay, 
prolonged bacteremia, and causative 
organism). 

We then conducted inverse 
probability weighting (IPW), aiming 
to achieve balance in the distribution 
of covariates between exposure 
groups by multiplying each study 
observation by the inverse of its 
respective propensity score to 
achieve a statistically balanced 
pseudo-study population. 21 
Distributional balance of covariates 
between short-course and long- 
course antibiotic groups after the 
weighting procedure was examined 
by using standardized mean 
differences, with the magnitude of 
<0.1 indicating acceptable balance 
(Supplemental Table 5). 21 One 
variable, prolonged bacteremia, 
remained unbalanced; however, it 
was neither significantly associated 
with the outcomes of recurrent UTI 
and reutilization, as tested by Fisher's 
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exact test, nor with LOS, as tested by 
the Wilcoxon rank test. To 
incorporate the effect of study site, 
we attempted 2 additional models to 
generate propensity scores: 1 in 
which study site was used as a fixed- 
effect predictor in the above logistic 
regression and a second in which 
a random intercept was added for 
each study site. However, neither 
model yielded adequate balance 
between covariates. Thus, the 
multivariable logistic regression 
model without study site 
(Supplemental Table 5) was used for 
the analysis. 

To evaluate the association of 
antibiotic duration with our outcomes 
of interest, we employed marginal 
structural models and applied them 
to our weighted population. 23 We 
used the logit link function to 
estimate the probability of recurrent 
UTI and reutilization in each group 
and summarized our findings using 
both relative risk and risk difference. 
We used the identity link to estimate 
the adjusted difference in the mean 
LOS between short-course and long- 
course treatment groups. Natural log 
transformation was applied to LOS 
before its modeling in the marginal 
structural models. Statistical 
significance was established at the 2- 
sided a level of .05. Data were 
analyzed by using R version 3.4.3 
statistical software 24 and by using the 
following statistical packages: lme4, 25 
tableone, 26 ipw, 27 sandwich, 28 and 

29 

survey. 

RESULTS 

Patient Characteristics 

Of the 497 infants <60 days old in 
the parent study cohort who had 
a pathogen isolated in blood or CSF 
culture, we identified 140 infants 
with bacteremia and UTI caused by 
the same pathogen. Applying 
exclusion criteria, we assembled 
a cohort of 115 infants <60 days of 
age with bacteremic UTI (Fig 1). Of 
this cohort, 52% of infants were 


<28 days of age, 60% were boys, and 
9% were premature (Table 1]. A 
subset of patients had a complex 
chronic condition or known 
genitourinary anomaly on admission, 
and the majority of infants presented 
with fever (Table 1). 

Urine culture was obtained via 
catheterization for 110 (96%) infants 
in our cohort. Escherichia coli was the 
most common causative organism 
and was found in 93 infants (81%). 
Six infants (5%) grew Enterococcus 
faecalis, 5 (4%) grew Staphylococcus 
aureus, 4 (3%) grew Klebsiella spp, 3 
(3%) infants grew Streptococcus 
agalactiae, 3 (3%) grew Enterobacter 
spp, and 1 (1%) grew Citrobacter spp 
from blood and urine cultures. Of 
note, all 5 infants with S aureus 
bacteremia were eventually 
diagnosed with urinary tract 
anomalies. 

We included a total of 5 patients 
growing >100 000 CFUs/mL of E coli 
in a bagged urine specimen. Of these, 
4 had evidence of pyuria, and 1 
patient did not have a urinalysis 
conducted. All patients grew E coli in 
the blood with identical antibiotic 
susceptibilities. 

Eight infants (7%) had prolonged 
bacteremia; all 8 patients with 
prolonged bacteremia in our cohort 
grew organisms that were sensitive to 
the empirical antibiotics they had 


been receiving since admission. No 
patients grew extended-spectrum 
P-lactamase-producing organisms in 
a blood or urine culture. All 
pathogens identified in our cohort 
were susceptible to an antibiotic with 
an available oral alternative. 

The median duration of parenteral 
antibiotic therapy was 7 days (range: 
2-24 days). The 3 most common 
parenteral treatment durations were 
14 days (27 infants; 23%), 7 days (18 
infants; 16%), and 10 days (13 
infants; 11%) (Supplemental Fig 2). 
Overall, 58 (50%) infants received 
short-course parenteral antibiotics 
(<7 days), and 57 (50%) infants 
received long-course parenteral 
antibiotics. The proportion of infants 
receiving short-course parenteral 
antibiotic therapy varied by 
institution, with a median of 50% 
(range: 11%-81%). Infants receiving 
long-course parenteral antibiotic 
therapy were more likely to be ill 
appearing on presentation, have 
growth of a non -E coli organism, and 
have prolonged bacteremia (Table 1). 

Outcomes 

Six infants (5%) had a recurrent UTI, 
each diagnosed between 15 and 
30 days after index discharge. Two of 
the 6 infants received short-course 
parenteral therapy, and 4 received 
long-course parenteral antibiotic 
therapy during the index 


TABLE 1 Baseline Demographic and Clinical Characteristics of Infants With Bacteremic UTI 


Patient Characteristics 

Overall 
(N= 115) 

Short-Course IV/IM 

Antibiotics 

(n = 58) 

Long-Course IV/IM 
Antibiotics 

(n = 57) 

P(x 2 

Test) 


n (%) 

n (%) 

n (%) 


Age <28 d 

60 (52) 

25 (43) 

35 (61) 

.05 

Male sex 

69 (60) 

30 (52) 

39 (68) 

.06 

Prematurity 

10 (9) 

3/53 (6) 

7/54 (13) 

.38 a 

Complex chronic 
condition 

19 (17) 

7 (12) 

12 (21) 

.19 

Genitourinary anomaly 

17 (15) 

6 (10) 

11 (19) 

.18 

Fever 

102 (89) 

51 (88) 

51 (89) 

.79 

III appearance 

32 (28) 

10 (17) 

22 (39) 

.01 

ICU stay 

16 (14) 

5 (9) 

11 (19) 

.10 

Prolonged bacteremia 

8 (7) 

0 

8 (14) 

.002 a 

Non-£ coli organism 

22 (19) 

4 (7) 

18 (32) 

.001 a 


a Fisher’s exact test was performed. 
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hospitalization (Table 2). There was 
no significant difference in rates of 
recurrent UTI between the 2 
treatment groups (adjusted risk 
difference: 3%; 95% confidence 
interval [Cl]: -5.8 to 12.7). Both 
infants in the short-course group who 
had a recurrent UTI also had 
a diagnosis of VUR (Supplemental 
Table 6). One infant in the short- 
course group had recurrent E faecalis 
bacteremia. This patient had grade 3 
to 4 VUR diagnosed during 
hospitalization for the recurrent UTI 
and had not been receiving 
prophylactic antibiotics after 
discharge from the index hospital 
admission (Supplemental Table 6). 

Two of the 4 infants in the long- 
course group with recurrent UTI had 
grade 4 VUR and were receiving 
prophylactic amoxicillin at the time of 
recurrence. None of the 6 infants with 
recurrent UTI developed meningitis. 

Two of the 6 infants with recurrent 
UTI grew an organism distinct from 
the causative organism isolated at the 
index hospitalization (Supplemental 
Table 6). Both of these infants had 
received long-course parenteral 
antibiotic therapy during their index 
hospital stay. When evaluating only 
those infants who had a recurrent UTI 
with growth of the same pathogen 
that caused their index UTI, there was 
no difference in rates of recurrence 

TABLE 2 Outcomes of Infants With Bacteremic UTI 


between the 2 treatment groups 
(adjusted risk difference: 0.2%; 95% 
Cl: -7.8 to 8.3) (Table 2). 

Fifteen infants (13%) had 30-day all¬ 
cause reutilization. There was no 
significant difference in the rates of 
reutilization between the 2 treatment 
groups (adjusted risk difference: 3%; 
95% Cl: -14.6 to 20.4). The adjusted 
mean LOS was significantly longer in 
the long-course group compared with 
the short-course group (adjusted 
mean difference: 6 days; 95% Cl: 4.0 
to 8.8). 

Within our cohort, 67 infants were 
well appearing and had no known 
complex chronic condition, including 
genitourinary anomaly. Short-course 
parenteral antibiotic therapy was 
prescribed in 40 (60%) healthy, well¬ 
appearing infants. Two infants (5%) 
in the short-course group and 2 
infants in the long-course group (7%) 
had a recurrent UTI. 

No infants in our cohort experienced 
adverse events such as ICU 
readmission, need for mechanical 
ventilation or vasopressor use, or 
signs of neurologic sequelae within 
30 days of discharge from the index 
hospitalization. Thirteen infants in 
the long-course group were 
discharged from the hospital with 
a PICC to complete intravenous (IV) 
antibiotic therapy. Of these, 1 infant 


(8%) had an ED revisit for a PICC- 
related mechanical complication. 

DISCUSSION 

In this multicenter study of young 
infants with bacteremic UTI, shorter 
courses of parenteral antibiotic 
therapy (ie, <7 days) were not 
associated with significantly more 
frequent UTI recurrence or all-cause 
reutilization when compared with 
longer courses of parenteral antibiotic 
therapy. Adverse events were rare in 
both groups, and longer courses of 
antibiotic therapy were associated 
with longer lengths of hospital stay. 

A previous multicenter retrospective 
study by Schroeder et al 30 of infants 
<90 days old with bacteremic UTI 
revealed that infants with recurrent 
UTI did not receive longer parenteral 
antibiotic treatment when compared 
with infants without recurrent UTI in 
an unadjusted analysis. Similar to our 
study, Schroeder et al 30 reported that 
infants who received longer courses of 
parenteral antibiotics were more likely 
to be younger, have growth of a non -E 
coli organism in blood and urine 
cultures, and have blood culture 
positivity for >1 day. Because infants 
who were perceived to have higher- 
risk baseline characteristics received 
longer courses of parenteral antibiotic 
therapy, we used propensity scores 
and IPW to mitigate potential 
confounding by indication. 

Our study had several limitations. 
First, despite the large number of 
centers included, we identified 
relatively few infants with bacteremia 
in the context of UTI. Within our 
cohort, rates of recurrent UTI and 
reutilization were low. Therefore, our 
analysis was not powered to capture 
small but potentially clinically 
important differences in outcomes. 
However, given that the incidence of 
3 0-day adverse outcomes for infants 
with short-course antibiotics in our 
study was low, if modest UTI 
recurrence differences did actually 
exist, they might prove tolerable for 


Outcome 

Short-Course IV/ 
IM Antibiotics 

(n = 58) 

Long-Course IV/IM 
Antibiotics 
(n = 57) 

Adjusted 

Relative 

Risk (95% 
Cl) a 

Percent 
Adjusted Risk 
Difference 
(95% Cl) a 

Adjusted 

Mean 

Difference 
(95% Cl) a 

Recurrent UTI, n 
(%) 

2 (3) 

4 (7) 

1.9 (0.3 to 
11.6) 

3 (-5.8 to 
12.7) 

— 

Recurrent UTI 

with same 
organism, n 
(%) 

2 (3) 

2 (4) 

1.1 (0.1 to 
8.4) 

0.2 (-7.8 to 
8.3) 


All-cause 

reutilization, n 
(%) 

6 (10) 

9 (16) 

1.2 (0.4 to 
3.9) 

3 (-14.5 to 
20.6) 


LOS, d, adjusted 
mean (95% 

Cl) 

4.5 (4.4 to 4.6) 

10.8 (10.7 to 10.9) 



6 (4.0 to 8.8) 


a IPW was conducted by using propensity scores to achieve covariate balance in patient clinical and demographic 
characteristics. Marginal structural models were applied to the weighted population to obtain adjusted estimates. 
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a clinician weighing the 
aforementioned risks associated with 
prolonged parenteral antibiotic 
therapy. 

There was also potential for 
misclassification in infants with 
recurrent UTI because patients whose 
recurrence was managed in the 
outpatient setting or at a different 
institution would not have been 
captured by using our data collection 
methodology. This misclassification 
could lead to an underestimation of 
the rate of recurrence. However, given 
the history of previous bacteremia in 
our cohort, our patient population is 
less likely to be managed in the 
outpatient setting when compared 
with infants who have uncomplicated 
UTI. Additionally, the overall rate of 
recurrence of UTI in our study was 
similar to that of previous studies of 
infants with bacteremic UTI. 30 ' 31 

Furthermore, we could not address 
optimal total duration of therapy for 
bacteremic UTI in this study because 
we did not have information on 
choice or duration of postdischarge 
oral antibiotic therapy for our cohort. 

Finally, it is possible that infants in 
the short-course parenteral antibiotic 
group received longer courses of oral 
antibiotics after discharge compared 
with infants in the long-course 
parenteral group. We were not able to 
evaluate for recurrences of UTI from 
completion of oral therapy using our 
data source. Thus, it is possible that 
a recurrent UTI that occurred 30 days 
after completion of oral antibiotic 
therapy in the short-course group 
was not captured in our 30-day 
postdischarge window. 

The safety of short-course parenteral 
antibiotic therapy with early 
conversion to oral antibiotics has 
been established for the treatment of 
many invasive pediatric bacterial 
infections (eg, complicated 
pneumonia and osteomyelitis) in 
which prolonged IV antibiotics were 
previously considered the standard of 
care. 32,33 Prolonged courses of IV 


antibiotics administered via a PICC 
were associated with increased risk of 
catheter-associated complications 
and increased reutilization in these 
studies. In children who were able to 
tolerate oral antibiotics, parenteral 
antibiotic therapy did not confer a clear 
benefit over oral alternatives with 
excellent bioavailability. 32 ’ 33 However, 
there are limited data on the 
bioavailability of oral antibiotics among 
infants <60 days old. High-dose oral 
amoxicillin (200 mg/kg per day) has 
been shown to achieve therapeutic 
serum concentrations in term neonates 
with S agalactiae bacteremia. 34 Further 
investigation is needed to establish 
optimal dosing and bioavailability for 
oral antibiotics typically used to treat 
urinary pathogens (eg, aminopenicillins 
and cephalosporins) in infants <60 
days old. 

Additionally, it is possible that there is 
a subset of young infants with 
bacteremic UTI in whom longer 
courses of parenteral antibiotics are 
indicated. For instance, 4 of the 6 
infants with recurrent UTI in our 
cohort were also diagnosed with VUR, 
and 3 of these infants had Grade 3 or 
4 VUR. High-grade VUR is associated 
with an increased risk of UTI 
recurrence. 35 ' 36 However, it is not 
known if longer duration of 
parenteral antibiotic therapy or 
longer duration of total therapy is 
associated with a reduced risk of 
recurrent UTI in infants with VUR. 
Future studies should focus on 
identifying which populations of 
young infants, if any, may benefit 
from longer courses of parenteral 
antibiotic therapy. 

CONCLUSIONS 

Young infants with bacteremic UTI 
who received <7 days of parenteral 
antibiotic therapy did not have 
significantly more 3 0-day recurrent 
UTIs or hospital reutilization than 
infants who received longer courses 
of parenteral therapy. Our data 
indicates that <7 days of parenteral 


antibiotic therapy may be safe in this 
population. Researchers in future 
prospective studies should seek to 
establish the bioavailability and 
optimal dosing of oral antibiotics in 
young infants and assess if there are 
particular subpopulations of infants 
with bacteremic UTI who may benefit 
from longer courses of parenteral 
antibiotic therapy. 
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CFU: colony-forming unit 
Cl: confidence interval 
CSF: cerebrospinal fluid 
ED: emergency department 
IPW: inverse probability weighting 
IV: intravenous 
IV/IM: intravenous and/or 
intramuscular 
LOS: length of stay 
PICC: peripherally inserted central 
catheter 

UTI: urinary tract infection 
VUR: vesicoureteral reflux 
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